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Synthetic oligonucleotide primers of 21 and 24 bases, respectively, were used in the polymerase chain
reaction (PCR) to amplify a sequence of the nuc gene, which encodes the thermostable nuclease of
Staphylococcus aureus. A DNA fragment of approximately 270 bp was amplified from lysed S. aureus cells or
isolated DNA. The PCR product was detected by agarose gel electrophoresis or Southern blot analysis by using
a 33-mer internal nuc gene hybridization probe. With S. aureus cells the lower detection limit was < 10 CFU,
and with the isolated target the lower detection limit was 0.69 pg of DNA. The primers recognized 90 of 90
reference or clinical S. aureus strains. Amplification was not recorded when 80 strains representing 16 other
staphylococcal species were tested or when 20 strains representing 9 different nonstaphylococcal species were
tested. Some of the non-S. aureus staphylococci produced thermostable nucleases but were PCR negative. The
PCR product was generated when in vitro-cultured S. aureus was used to prepare simulated clinical specimens
of blood, urine, cerebrospinal fluid, or synovial fluid. No PCR product was generated when the sterile body
fluids were tested. However, the sensitivity of the PCR was reduced when S. aureus in blood or urine was tested
in comparison with that when bacteria in saline were tested. With the bacteria in blood, the detection limit of
the PCR was 103 CFU. A positive PCR result was recorded when a limited number of clinical samples from
wounds verified to be infected with S. aureus were tested, while the PCR product was not detected in materials
from infections caused by other bacteria. Generation ofPCR products was not affected by exposure of S. aureus
to bactericidal agents, including cloxacillin and gentamicin, prior to testing, but was affected by exposure to UV
radiation. The PCR for amplification of the nuc gene has potential for the rapid diagnosis ofS. aureus infections
by direct testing of clinical specimens, including specimens from patients with ongoing antimicrobial therapy.

Staphylococcus aureus is the cause of serious infections in
humans, including endocarditis, deep-seated abscesses, and
osteomyelitis. Usually, the etiological diagnosis is depen-
dent on isolation of the bacterium from the focus of infection
or in blood cultures. In some cases, access to the focus may
be difficult or dangerous or cultural confirmation may be
hampered by ongoing antimicrobial therapy. Also, serologi-
cal assays for S. aureus infections are of limited value
because of insufficient diagnostic sensitivity and specificity
(30), although promising results have been reported recently
(2, 9, 30, 31). Consequently, it would be desirable to find
methods which could supplement the cultural and serologi-
cal methods, notably, alternative methods which could se-
cure a rapid diagnosis of S. aureus infection. This purpose
may be achieved by techniques which enable detection of S.
aureus nucleic acids in clinical specimens.

S. aureus strains produce an extracellular thermostable
nuclease (thermonuclease [TNase]) with a frequency similar
to that at which they produce coagulase (18). The TNase is
a protein with a molecular mass of 17,000 Da (26). It is an
endonuclease, degrading both DNA and RNA, and the
enzymatic activity can resist 100'C for at least 1 h (14). The
TNase protein has been well characterized (26), and its gene,
the nuc gene, has been cloned and sequenced (11). An
enzymatic test for TNase production is used in many labo-
ratories for the identification of S. aureus isolates (13).
However, TNase activity is not specific for S. aureus (6).
Recently, we developed a monoclonal antibody-based sand-
wich enzyme-linked immunosorbent assay for detection of
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the S. aureus TNase and obtained results which indicated
specificity for S. aureus (1). These results accord with the
supposition that the S. aureus TNase has species-specific
sequences. This was supported by the findings of Liebl et al.
(17), who used a 518-bp fragment of the cloned S. aureus
TNase gene which specifically recognized S. aureus strains
in a membrane-based DNA hybridization test.
There are numerous applications of the polymerase chain

reaction (PCR) in the diagnosis of infectious diseases (24).
The sensitivity of the PCR method enables the direct detec-
tion of low concentrations of bacteria or bacterial products
in clinical materials (3, 5, 7, 27-29, 32). In the present study,
we took advantage of the apparently unique sequences of the
S. aureus TNase and applied the PCR for the amplification of
a sequence of the nuc gene by using two primers that
targeted this gene.

MATERIALS AND METHODS

Strains and culture conditions. The S. aureus Wood 46
strain was received from P. Oeding, Bergen, Norway.
Staphylococcus intermedius, Staphylococcus hyicus, and
Staphylococcus schleiferi strains were kindly delivered by
T. Wadstrom, Lund, Sweden. American Type Culture Col-
lection (ATCC), Rockville, Md., and Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSM), Braunsch-
weig, Germany, strains were purchased from those organi-
zations. All clinical strains were isolated in our laboratory.
Clinical staphylococcal and micrococcal strains were identi-
fied biochemically by the automated API Staph system (API
Systems S.A., Montalieu Vercieu, France), the Staphylase
test (Oxoid Diagnostic Reagents, Basingstoke, United King-
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dom) and the TNase test as described by Lachica et al. (13).
Nonstaphylococcal clinical strains were identified by the
appropriate API systems used routinely in our laboratory.
Strains were preserved in Stuart transport medium at -80°C.
Single colonies of isolates were cultured on blood agar plates
or were inoculated into 1% (wt/vol) glucose broth and
incubated at 37°C for 18 h.

Oligonucleotide probes. Primers were selected on the basis
of the published nucleotide sequence of the 966-bp nuc gene
derived from the S. aureus Foggi strain (23). Several primers
were synthesized on a System 200 A DNA synthesizer
(Beckman Instruments Inc., Palo Alto, Calif.), vacuum
dried, and stored at -20°C in double-distilled water. Two
primers were selected after checking for self-complementa-
rity. The sequences of the two primers of 21 and 24 bases,
respectively, were 5'-GCGATTGATGGTGATACGGTI-3'
(primer 1) and 5'-AGCCAAGCCTTGACGAACTAAAGC-3'
(primer 2). The primers were located within the 447-bp nuc A
gene, which encodes the nuclease A (23); primer 1 was
between nucleotides +48 and +70, and primer 2 was be-
tween nucleotides +303 and +328. The primers were used
without further purification.

For hybridization studies, a 33-mer probe with the se-
quence 5'-GGTGTAGAGAAATATGGTCCTGAAGCAAG
TGCA-3' was used; the sequence corresponds to the nucle-
otides between positions + 147 and + 181 of the nuc A gene
(23).

Preparation of bacteria for PCR. Broth cultures of bacteria
were diluted in presterilized saline prior to lysis and ampli-
fication by PCR. For measuring the sensitivity of the PCR,
10-fold serial dilutions (105 to 0 bacteria per ml in saline)
were tested. Specificiti studies were performed by testing
various bacteria (=10 bacteria per ml). In these experi-
ments, 100 p.l of the diluted suspension (z100 bacteria) was
pelleted at 12,000 x g for 15 min in a Biofuge (Heraeus
Sepatech GmbH, Osterode, Germany). The pelleted bacteria
were resuspended by vortex mixing and lysed in 100 p.l of
lysis buffer (20 mM Tris-HCl [pH 8.3], 50 mM KCI, 1.5 mM
MgCl2, 0.50% [vol/vol] Tween 20, 0.45% [vol/vol] Nonidet
P-40, 0.01% [wt/vol] gelatin, and 60 p.g of proteinase K per
ml) at 55°C for 1 h. The samples were then heated at 95°C for
5 min.
For the amplification of in vitro-cultured S. aureus in

simulated clinical specimens, =104 S. aureus cells were
added to 1 ml of culture-negative blood (whole blood in
EDTA), urine, cerebrospinal fluid, or synovial fluid. Blood
samples (100 p.l) were mixed with 0.9 ml of lx PCR buffer
(20 mM Tris-HCl [pH 8.3], 1.5 mM MgCl2) which contained
5% (wt/vol) saponin (Sigma Chemical Co., St. Louis, Mo.),
incubated at 20°C for 10 min, and centrifuged at 2,000 x g for
5 min. The supernatants (1 ml) were pelleted (12,000 x g; 15
min), the pellets were resuspended in 1 x PCR buffer and
centrifuged (12,000 x g; 15 min), and the final pellets were
suspended in 100 p.l of lysis buffer. The cells were then lysed
as described above. Other body fluids (100 p.l) were diluted
in 0.9 ml of lx PCR buffer without saponin, pelleted,
washed, and suspended in the lysis buffer as described above
for the blood samples.

Clinical specimens on cotton swabs from wounds verified
to be infected with S. aureus were examined. The swabs
were agitated on a whirl mixer in 5 ml of sterile saline, and
100 p.l was centrifuged (12,000 x g; 15 min). The pelleted
material was suspended in 100 p.l of lysis buffer and was
treated as described above.
PCR amplification was performed after exposure of S.

aureus (10 cells per ml) to cloxacillin (2.5 ,ug/ml), gentami-

cin (10 ,ug/ml), or 0.5% (vol/vol) formaldehyde at 22°C for
120 min or after exposure of the bacteria to UV radiation
under a photopolymerization unit (Bio-Rad, Richmond, Cal-
if.) for 15 min. Bacteria in pure saline (107/ml) and bacteria
fixed in 50% (vol/vol) ethanol were used as controls. Ap-
proximately 100 cells were then pelleted and lysed as de-
scribed above.
PCR amplification. The PCR amplification was performed

in a thermal cycler (Coy Laboratory Products Inc., Ann
Arbor, Mich.) by using a recombinant Taq DNA polymerase
(AmpliTaq, Perkin-Elmer Cetus Corp., Norwalk, Conn.).
The reaction mixture consisted of 50 p.l of lysate, 10 p.1 of
lOx PCR amplification buffer (200 mM Tris-HCl [pH 8.3],
500 mM KCI, 15 mM MgCl2, 0.1% [wt/vol] gelatin, 0.5%
Tween 20), 2.0 p.1 of each primer (20 p.M stock solution), 10
p.l of the deoxynucleoside triphosphates (1 mM each in stock
solution), 0.4 p.l of AmpliTaq (5 U/p.l of stock solution), and
25.6 p.l of double-distilled water. Mineral oil (50 p.l) was
added to the mixtures to inhibit evaporation. A total of 37
PCR cycles were run under the following conditions: DNA
denaturation at 94°C for 1 min, primer annealing at 55°C for
0.5 min, and DNA extension at 72°C for 1.5 min. After the
final cycle, the reaction was terminated by keeping it at 72°C
for 3.5 min. The PCR products were stored in the cycler at
4°C until they were collected.
Agarose gel electrophoresis. The PCR-amplified samples

were analyzed by agarose gel electrophoresis by using a
horizontal 1.3% (wt/vol) agarose gel in lx TBE buffer (pH
8.3; 0.09 M Tris, 0.09 M boric acid, 2.0 mM EDTA) and with
0.003% (wt/vol) ethidium bromide incorporated for DNA
staining. Undiluted PCR products (30 p.l) were mixed with a
sample buffer (10 p.l) of 0.4x TBE, 50% (vol/vol) glycerol,
and 0.025% (wt/vol) bromphenol blue; and 25 p.1 of sample
was applied to each well. Gels were run in 1 x TBE buffer at
150 V for 2 h. The PCR products were visualized and
photographed on a transilluminator (Sigma). A pBR322
HaeIII DNA digest (Sigma) was used as a DNA marker.

Southern blot analysis. PCR products were separated on a
1.3% agarose gel and transferred to a Zeta Probe blotting
membrane (Bio-Rad) essentially as described by Sambrook
et al. (22), but the depurination step was omitted. The
membrane was fixed under UV light on a transilluminator (5
min), prehybridized for 1 h at 51°C in 40 ml of hybridization
solution (6x SSC [0.9 M NaCl, 0.09 M sodium citrate; pH
7.0], 0.5% [wt/vol] sodium dodecyl sulfate [SDS], and 1Ox
Denhardt's solution [0.25% Ficoll 400, 0.25% polyvinylpyr-
rolidone, 0.25% bovine serum albumin]), and hybridized for
3 h at 52°C in hybridization solution with 10 pmol of the
33-mer DNA probe. The DNA probe was labeled with
[y-32P]ATP (Amersham Life Science Products, Amersham,
Buckinghamshire, United Kingdom) by using T4 polynucle-
otide kinase (22). The membrane was washed in 0.1x
SSC-0.1% SDS for 2 h at 45°C and exposed to Hyperfilm-MP
(Amersham) for 1 h at -80°C for detection of hybridization.
DNA purification. S. aureus DNA was purified as de-

scribed by Wilson (36), except that lysostaphin (150 p.l/ml;
Sigma) replaced lysozyme in the procedure.
Other methods. Total numbers of cells were counted by

epifluorescence microscopy after targeting cellular DNA
with 0.2 p.g of the fluorochrome 4',6-diamino-2-phenylindole
(Sigma) (21) per ml. Viable cells were counted as CFU by
triplicate plating of samples on blood agar and counting the
colonies after incubation at 37°C for 20 h.
The purity of DNA samples were assessed by determina-

tion of the optical density at 260 nm/optical density at 280 nm
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FIG. 1. Gel electrophoresis (A) and Southern blot analysis (B) of
PCR products amplified from approximately 100 cells of S. aureus

Foggi (lane 1), Wood 46 (lane 2), V8 (lane 3), M- (lane 4), Cowan 1
(lane 5), and ATCC 25923 (lane 6) and the non-S. aureus staphylo-
cocci S. epidermidis KS 426 (lane 7), S. saprophyticus DSM 20229
(lane 8), S. hominis DSM 20328 (lane 9), S. hyicus DSM 20459 (lane
10), 5. intermedius DSM 20373 (lane 11), S. schleiferi DSM 4807
(lane 12), and S. cohnii DSM 20260 (lane 13). The HaeIII-cleaved
pBR322 marker is shown in lanes St.

ratio, and DNA concentrations were estimated by measuring
the optical density at 260 nm (4).

RESULTS

The primer set synthesized for this study allowed PCR
amplification of a gene fragment when S. aureus strains were
lysed and amplified by 35, 37, or 40 cycles. We found that 37
cycles was optimal. Increases in the annealing time from 0.5
to 2 min and the primer extension time from 1.5 to 2 min did
not increase the sensitivity of the method. Figure 1 shows
the results obtained when some reference strains of S.
aureus and non-S. aureus staphylococci were tested in the
PCR. The S. aureus strains were amplified, while the non-S.
aureus strains were not. The PCR product appeared as a
single DNA band with a size close to that of the 267-bp band
of the pBR322 HaeIII DNA digest (Fig. 1A). This size is
close to the expected size of 279 bp for the PCR product.
Repeat testing of some of the strains that we examined
showed the same results. A 33-mer DNA probe correspond-
ing to a nuc gene sequence located between the sites of the
two primers hybridized to the PCR products by Southern
blot analysis (Fig. 1B). This finding confirmed the nuc gene
origin of the amplified products.

Sensitivity. The lower limit for detection of S. aureus
bacterial cells or isolated DNA by PCR was examined. A
suspension of S. aureus Foggi was diluted in saline, and the
bacteria were counted by epifluorescence microscopy and
CFU determination. Amplification which resulted in detect-
able levels of PCR product was achieved when a minimum of
6 CFU of S. aureus cells were lysed; this corresponded to 14
cells determined by epifluorescence microscopy (Fig. 2A).
By repeat testing of viable S. aureus cells, the detection limit
ranged from 5 to 20 CFU. Similar detection limits were
observed when other S. aureus strains (Wood 46 and V8)
were examined. DNA from S. aureus Foggi was isolated,
serially diluted in saline, and used as a template. The results
show (Fig. 2B) that 0.69 pg of purified DNA in the reaction
mixture was the minimum needed to obtain a detectable PCR
product.

Specificity. A total of 7 reference strains of S. aureus and
27 reference strains of other staphylococci were used as
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FIG. 2. Gel electrophoresis of PCR products amplified from serial dilutions of S. aureus Foggi cells (A) and purified S. aureus DNA (B).
(A) Total counts of bacterial cells (4',6-diamino-2-phenylindole [DAPI]) and CFU are indicated at the bottom of the gel; (B) the DNA content
in each sample is indicated at the bottom of the gel. The positions of two pBR322 marker bands are indicated.
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TABLE 1. Staphylococcal reference strains tested by the
enzymatic TNase agar method and PCR for amplification of a

nuc gene fragment

Staphylococcal strains TNase activity' PCRb

S. aureus Foggi + +
S. aureus Wood 46 + +
S. aureus Cowan 1 + +
S. aureus V8 + +
S. aureus M- + +
S. aureus ATCC 25923 + +
S. aureus ATCC 21027 + +

S. epidernidis KS 426
S. epidermidis I-1478 (+)
S. saprophyticus DSM 20229
S. hominis DSM 20328
S. haemolyticus DSM 20263
S. cohnii DSM 20260
S. intermedius DSM 20373
S. internedius KLM87-1127
S. intermedius KLM87-931
S. intermedius KLM87-1236
S. intermedius KLM87-992
S. intennedius KLM87-1167
S. hyicus DSM 20459
S. hyicus 2368
S. hyicus 842A
S. hyicus A2869C
S. hyicus 9390
S. schleiferi DSM 4807
S. schleiferi 890189
S. schleiferi G 67-88
S. schleifen N 880033
S. schleifen G 22-89
S. capitis DSM 20326
S. sciun DSM 20345
S. auncularis DSM 20609
S. simulans DSM 20322
C 1........ AneM AQsA

+
+
+
+
+

+
+
+
+
+
+
+

+
+

no bacteria added, none of the biological fluids gave rise to
amplification products. The sensitivity of the PCR was
examined with S. aureus serially diluted in the various body
fluids. With the bacteria in the cerebrospinal or synovial
fluid, the lower detection limit ranged from 10 to 20 CFU,
which was similar to the limit recorded with bacteria in
saline. However, with S. aureus in urine, the lower detection
limit was 100 CFU, and in whole blood it was 1,000 CFU.
A total of 29 clinical samples collected on cotton swabs

from patients with verified wound infections caused by S.
aureus (n = 19) or other bacteria (n = 10) were tested by the
PCR. The results for some of these samples are shown in
Fig. 4. All of the samples which grew S. aureus gave rise to
a positive PCR result with bands of the expected size, but
none of the samples which grew other bacteria gave rise to a
positive PCR result. The intensities of the bands varied.
Weak bands were recorded from samples with a low number
of S. aureus or materials admixed with large quantities of
blood (data not shown). For two of the non-S. aureus
samples (Klebsiella pneumoniae and Eschenchia coli), weak
bands (=500 bp) could be visualized (Fig. 4, lane 11).
PCR with bacteria exposed to antimicrobial agents. To

analyze whether S. aureus Foggi cells exposed to bacteri-
cidal agents were amplified, the bacteria (107 bacterial cells)
were exposed to cloxacillin or gentamicin at concentrations
above the MICs for the bacteria, UV irradiation, formalde-
hyde, or ethanol. Exposure to antimicrobial agents resulted
in a >99% CFU reduction; exposure to the other agents
resulted in 100% CFU reduction. The irradiation totally
inhibited the PCR amplification when =100 bacterial cells
were tested. The other agents had no effect on the gene
product observed after electrophoresis.

DISCUSSION
... LugauneCnisi LJ3Ni tOUt - -

a A positive test result (+) was defined as distinct pink zones with diameters
of >10 mm (13).

b A single band of -270 bp was defined as a positive test result (+).

templates for the primers, each with =100 bacterial cells in
the PCR mixture. All of the S. aureus strains were amplified
and were thus recognized by the primers, but none of the
other staphylococci were amplified or recognized by the
primers (Table 1). The enzymatic test for TNase activity was
positive with all of the S. aureus strains and with 14 of the
non-S. aureus strains, with all of the non-S. aureus strains
belonging to the species S. intennedius, S. hyicus, or S.
schleiferi (Table 1). The specificity of the primer set was also
examined by testing a total of 156 clinical isolates of various
bacteria, including 83 S. aureus strains (Table 2). Only the S.
aureus strains were recognized by the primer set and ampli-
fied. With all of the S. aureus isolates examined, a PCR
product of approximately 270 bp was generated. Of the
non-S. aureus clinical staphylococcal strains (n = 53), three
S. schleifeni strains showed TNase activity but were PCR
negative (Table 2).
PCR of body fluids. For PCR analysis of clinical speci-

mens, biological materials should not interfere with the
reaction. Culture-negative whole blood, urine, synovial
fluid, and cerebrospinal fluid were tested with and without in
vitro-cultured S. aureus Foggi bacteria added (=1,000 bac-
teria in the reaction mixture) (Fig. 3). All of the samples
which contained bacteria were amplified. When tested with

Nucleic acid amplification by PCR has applications in
many fields of biology and medicine, including the detection
of viruses, bacteria, and other infectious agents (for a review
and references, see reference 24). In the present study, we
synthesized an oligonucleotide primer set which recognized
sequences of the S. aureus nuc gene, which encodes the
TNase produced by these bacteria. This strategy was chosen
since earlier data obtained by using polyclonal (6, 15) or
monoclonal (1) antibodies to detect the S. aureus TNase
indicated that this protein has species-specific sequences and
that DNA hybridization-based methods corroborated the
assumption that this protein is species specific (17). On the
other hand, some non-S. aureus staphylococci, streptococci,
and possibly other bacteria (6) may produce nucleases with
enzymatic activity that mimics that of the S. aureus TNase.
A simple method of lysing the bacteria was applied in this

study. The primer set determined the generation of a PCR
product of approximately 270 bp, which is close to the
expected gene fragment size of 279 bp (23). A 33-mer DNA
probe, corresponding to an internal sequence of the 270-bp
segment, hybridized with the PCR products. This confirmed
that the product is identical to a sequence of the S. aureus
nuc gene.

Strict precautions must be taken to avoid false-positive
PCR results because of amplification of contaminating DNA
(12). Early in our experiments, we were confronted with this
problem; we eliminated contaminating DNA by irradiating
all the equipment used in the preamplification steps with UV
light, in accordance with the precautions recommended by
others (20) and with our own results, which confirmed that
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TABLE 2. Clinical isolates of S. aureus and various other
bacteria tested by the enzymatic TNase agar method and PCR for

amplification of a nuc gene fragment

No. of strains positive
Bacterial species (no. of Source of for:

isolates) isolate TNase PCR
activity' amplification"

S. aureus (47) Blood culture 47 47
S. aureus (6) Urine 6 6
S. aureus (5) Secretion 5 5
S. aureus (23) Abcess 23 23
S. aureus (2) Synovial fluid 2 2

S. epidermidis (26) Blood culture 0 0
S. hominis (7) Blood culture 0 0
S. haemolyticus (8) Blood culture 0 0
S. warneri (3) Blood culture 0 0
S. xylosis (2) Blood culture 0 0
S. caprae (1) Blood culture 0 0
S. schleiferi (3) Blood culture 3 0
S. lugdunensis (3) Blood culture 0 0
Streptococcus spp. (3) Blood culture 0 0
Enterococcus sp. (1) Blood culture 0 0
Micrococcus spp. (4) Blood culture 0 0
Escherichia coli (4) Blood culture 0 0
Enterobacter cloacae (2) Blood culture 0 0
Klebsiella pneumoniae (3) Blood culture 0 0
Klebsiella oxytoca (1) Blood culture 0 0
Proteus mirabilis (1) Blood culture 0 0
Candida sp. (1) Blood culture 0 0

a For definition of positive test results, see footnote a of Table 1.
" For definition of positive tests, see footnote b of Table 1.

UV irradiation of S. aureus eliminates the generation of a
PCR product.
The nuc PCR detected <20 viable S. aureus cells or

correspondingly low levels (0.69 pg) of extracted DNA in
saline. The sensitivity accords with that described for PCR
with other bacteria, being between 1 and 20 CFU (16, 19, 29,
32) or between 1 and 100 pg for DNA extracted from S.
aureus (8, 35). An increase in sensitivity may be achieved by
nested PCR amplification (35).
The nuc primer set recognized all staphylococci identified

I 2 .3 4 5; 6 7 8 ) '
Ill

434 i)p

267 In)b-

FIG. 3. Gel electrophoresis of PCR products generated with
approximately 1,000 cells of S. aureus Foggi amplified in culture-
negative whole blood (lane 1), urine (lane 2), synovial fluid (lane 3),
cerebrospinal fluid (lane 4), and saline (lane 5). Lanes 6 to 10, the
same fluids in lanes 1 to 5, respectively, without bacteria added. The
positions of two pBR322 marker bands are indicated on the left.
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FIG. 4. Gel electrophoresis of PCR products generated by direct
testing of clinical specimens collected on cotton swabs from wounds
infected with S. aureus (lanes 1 to 6), S. epidennidis (lanes 7 to 9),
Enterobacter cloacae (lane 10), and Klebsiella pneumoniae (lane
11). The HaeIII-cleaved pBR322 marker is shown in lanes St.

as S. aureus by conventional methods, but it did not recog-
nize the other bacteria tested. These results substantiate
those obtained by other methodological approaches (1, 6, 15,
17), which have suggested that the nuc gene and its product
have sequences which, on the one hand, are found in all S.
aureus isolates and, on the other hand, are unique to bacteria
of that species.

Previously, investigators have described PCR amplifica-
tion of the S. aureus gene encoding for methicillin resistance
(25) and of genes encoding toxins, such as the exfoliative
toxins, toxic shock syndrome toxins, and enterotoxins (8,
35), which are produced by many S. aureus isolates. Re-
cently, PCR amplification of the nuc gene was reported by
Wilson et al. (35), who used a primer set different from that
used in the present study. Those investigators amplified a
450-bp segment of the gene. However, very few data of this
amplification were described (35). The combination of the
nuc PCR for species identification of S. aureus and PCRs for
the identification of genes encoding defined phenotypic
characteristics of the bacteria is therefore possible.
DNA amplification by PCR has applicability in the diag-

nosis of infectious diseases, provided that the tests have
adequate sensitivity and specificity. For instance, this
method was equivalent to culture with respect to the detec-
tion of Haemophilus influenzae in cerebrospinal fluid (29),
Chlamydia trachomatis in various clinical specimens (3),
and Borrelia burgdorfen in clinical material from experimen-
tally infected animals (16). The sterile body fluids which we
tested in the S. aureus nuc PCR-blood, synovial fluid,
urine, and cerebrospinal fluid-were negative in the test,
whereas positive test results were recorded provided that S.
aureus was added to produce simulated culture-positive
clinical specimens. However, with bacteria in urine, and
notably with bacteria in blood, the sensitivity of the nuc PCR
was far lower than that with bacteria in saline. With bacteria
in blood, the lower detection limit was higher than the
number of CFU per unit volume of blood, which usually is
found in patients with bacteremia (10). We added saponin to
the blood since this is reported to lyse phagocytes and to
release phagocytosed bacteria (33). By this treatment we
also anticipated removal of most of the hemoglobin, which is
known to interfere with the PCR (34). The reduced sensitiv-
ity of the nuc PCR for detection of S. aureus in blood may be
due to residual interfering components.

J. ClIAN. MICROBIOL.
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All of the 19 swab specimens which contained S. aureus
were positive by direct testing in the nuc PCR for the 270-bp
PCR product, whereas all specimens which grew other
bacteria were negative. These findings substantiate the pros-
pects of the rapid diagnosis of S. aureus infections by the
nuc PCR described in this report, for instance, when a rapid
diagnosis is important in order to initiate adequate therapy
immediately or when ongoing therapy interferes with the in
vitro growth of the bacteria. Our data indicate that treatment
with antibiotics does not interfere with the detection of the
nuc gene as long as sufficient quantities of the target DNA
sequences are still present in the clinical specimens. We
observed that the quantity of the 270-bp PCR product varied
with the number of S. aureus CFU isolated from the speci-
men. Lebech et al. (16) reported that extraction of DNA is
needed when actual clinical specimens instead of simulated
specimens are tested. This method and other techniques that
may increase the sensitivity of the nuc PCR for the detection
of S. aureus in clinical specimens need to be investigated
further. Notably, methodological improvements are required
to increase the sensitivity of the test for the rapid detection
of S. aureus bacteremia, since this is a particularly important
clinical situation for application of the test.

Also, the nuc PCR may be applicable for testing nonclin-
ical samples like food or as a research tool, for instance, in
studies of the distribution and fate of S. aureus in various
organs and cells of the body.
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